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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high-voltage 
sensor using a thick-film strain detecting structure and 
compatible with a medium by suppressing the diffusion 
of a glass frit component between an electric insulating 
layer and a thick-film piezo- resistor, and improving the 
performance of the sensor. 

SOLUTION: This thick-film piezo-resistor detecting 
structure 10 is provided with a substrate 12, at least one 
electric insulating layer 1 4 on the substrate 1 2, an 
interface layer 16 on the electric insulating layer 14, and 
a thick-film piezo-resistor 1 8 on the interface layer 1 6. 
The interface layer 1 6 has a composition containing 
granular alumina and granular zinc oxide finely split and 
suspended in a glass matrix, and the interface layer 1 6 
separates the piezo- resistor 18 from the electric 
insulating layer 14 and suppresses the constituting 
component in the electric insulating layer 14 from 
diffusing in the piezo-resistor 18. 
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tt, ^H»{fc%ffl^K*»H 1 4 ©7 y 9 b tf 

BlSftll 1 4 4 fx 1 8 <h(9/ca5©tffr4M£ 

t^t75 ^£ff2a*r£#5x^r y . 

A) ttft^ttBlfiaitt (ZnO) <2:£^t? 0 M9xmt 40 
£L<tt, 3EteBHtJ&4. T^5^4 % iHt***±. 

Kftlft (PbCX «;^-^) (HjBOj) <D 



*S*r3 0 10 16 6 

12 

RfiSfltt. #*u<tt v **-r (t i o», -&ft* 

*» 4, BKt»rJB (CuO) K®^>#> (M 
nCO,) ®ftv>;tf> (MnO) <b v 

KKzi'Wh (CoCO,) *>&fe6n&Kft:a'fJI'F 
(CoO) t*^* % a«©3^«i*ar*fc««*^ 

rat (fine tuning control) 4 Lti< 2UF/*fcMt 
tt. **J2 3 0^9Va (^6 4 am) -#j3 2 5 vis 

[0 02 1 ] -Y>*-:7*-XJl 1 6©4>*ttJ5Eft<D 
3 5%<DT^$7\ *^3%— jfi6%(D»^fcffiSB, «J3 4 

%-^5 3%ct)^7^7 y 9 httm. mkizmmmft-e 

^KJSWftSBHtt* SS%i&{4T\ fi5 0^fi7 4 
qt;vs^ ^ii^3%£^©^£-7\ *iS8%4*c 
««©3oo«iiBa»©j:o*3e©iSH«. me 

[0 02 2 ] *»W^4^l^c^CDS*k:, 3 OQtf 
7X7«;7 hS^CDloJ^Lb^tf^o^OD-O^^ 

^Bj*«fflL^i. fis^c4cc«, mmi&i&ftcDmtm 
ttjt*a««wca«.5cir. sx-bfKS(Rs) 4, 

SOTCGF) 40fl4#A. iE*/c«*. 4*Kttr 

/Co 

[0 02 3] 



13 



# 1 



(7) 

» 2 #3 #4 #5 



ftf*3 0 10 16 6 
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# 6 



A I zO s 
ZnO 

y »J y h # 3 



3 2. 9 
3. 4 
36. 3 



3 1.0 
4. 0 
19.0 
19. 0 



34. 9 
5. 8 
17.3 
17.3 



3 0.0 
5. 0 
19.0 
1 9. 0 



2 7. 4 2 7.0 24. 7 2 7,0 



1 5. 0 
5. 0 
26. S 

26. 5 
38. 0 

27. 0 



3 0.0 
5. 0 



2 7.0 



[0 024] 



* * [g|2] 
£1 I 





7U*h#l 


7<J*S#2 


y*)v h# 3 


PbO 


5 3.3 


63. 3 


52. 8 


H s BO. 


15,1 


15.1 


15.0 


S i O* 


19.4 


19.4 


19.2 


A 1 *Oa 


8. 2 


8. 2 


8. 1 


T I O2 


1. 0 


1. 0 


0. 5 


CuO 


3. 0 




0. 5 


C 0 COi 




3. 0 




MnCOa 






4. 0 



[0 0 25] ^>^-7o:-Xil 6CcKl/T±fB-f > 

mat. T)i!iTtmmfotEEtf'te>v-?j-<ry^j± 

^ccmccs^j-rs. 30 
[0026] mmm i 

&mm&&. 9 6%f67;HtiAISI^>f^3 0 0 
^ (SO. 9mn) tmO. 02 0-{>f (»0. 5mm) 

-^Jp (belt furnace) £t;-^*aS&8 5 0 'C~~S 

95 ow2®mM$i*xMitLtc. mitia&^r. m 

[0 0 27 ] Xx>UXfBS«£, 2IOESL D- 40 
4 9 U^l^V^illOESL D-4913B 

j£r*^^«§*^L/t 0 s^on*. 1.45 

>V (m3 6 urn) iMMOVJ+tO. 9S;M#J2 3m 

^;U^tt^4 5fttc-->tc 0 m2 Comtek ( I 50 



R) ^^ifiit&J&U c:fttet'-**&Sft7 9 1 5 e C, 

^l^o A^xfrhmz>£x<D$:Vj ?)mmt* $$2 

[0028] imf&m<oJ>z-y *-*mi 
6^cc, ^m^iii 4<b[^D^#rr, S3S«cd&* 
<D±L<Dmn&m 1 4±-steepwu&j$bfc 0 ^ctc^M 
2 0 zmj&r s /c#>ic % 7)v* -rwR± t mmm<o a > 

5f-7^-Xil6±t{C, SO. (»2 3/i 

m) itScD^^^i^O. 5 5Jb (Si 3 urn) X-^> 
3>Jl£££!$o3 2 5^'r>aX^y->»tD 
uPont 7 4 8 4 -f >^ttJSBft4HI«0^i. 

wa^o*-^>*fwori!F8 5 0x;r«au ft 

2<Dgfcfc I R&*pvm9 1 5-CT*ttLfc. *CD«. * 
■ex'/Sffiftl 8©S»*Sl»CcSEM3-eTlBla) (tr 
ansverselyorient) Lfcfc<D£* S^*±iC0fi£T^/c 
*MC. S»2Ofc»LTf7^fc0£HD;frtt'C. ESL 
3 4 1 4 B b'x */J£tnf* > 9 «EPflL &&&&&& 

[002 9] fi«tfclWtfxyfflS#l 8 t^lc, > 

-$>m) tttcmLxwmctc. ^-rjsfa <rs> 
-A/n#{4r, ^-4 0 f c ( rcTCRj ) tm 



15 

+ 1 2 5°C ( THTCRj ) ©TCR£ppm/^iji{4 



C8) 

* [003 0] 
SI I I 



ft?F3 0 10 16 6 



16 



£3t 






Rs 


CTCR 


HTCR 




8 sot: 


3 


. 5K 


12 4 


14 6 




915t 


2 


. 6K 


16 2 


17 7 




8 5 Or 


3 


. 3K 


3 2 8 


4 5 6 




915t 


3 


. IK 


3 4 9 


4 6 4 



[0 03 1 ] f-^^tJ:^tC, X^VXmmmc io*te m-fifotC (transversal) j EftT *> £ frte $ ft£ 



tm&fo±M<DT CRmon&lZ. T)lZi~ (CT 
(CTEfgH^l Oppni/'C^l 8pprn/-C€WL/, ffl 

[0 03 2] je^^#r-**i#£fc&&c x mfozm 

#MOfx:/ffitnft(7>loii rjS^K: (longituchna 



[0033] mmwz 

> u xiBSSccw u x Acorn k> emi o tc 9 

[0 034] 
[^4] 















A 


(1) I©ESL D-4 9 1 4 
+ (1) 10ESL D-4 9 1 3B 


1 


B 


(1) §©ESL D-4 9 1 4 
+ ( 1 ) I^)E S L D-4913B 


-f >£#2 


C 


(2) JfCOESL D-4 9 1 4 
+ (1) JSCDESL D-4 9 1 3B 


-r>?# i 


D 


(2) JIODESL D-4 9 1 4 
+ (1) SOESL D-4913B 





[oo35] &*mm#mv>wm<omic> i rjf 

DuPont 7 4 84«mi4-^>^iE 
SL 3 4 1 4B£xygf*te-f>i>i£flHvtEnJB!Jb 

* I R jF*-C#J 3 flf.3S?fT L. fcf- *iHK 8 9 5 'C£ It 



40 



«9 1 5-c. v-*umv<mm&fmi<ft3fttc-,fc. e 

[003 6] 
[*5] 



17 



(9) 



18 



Epi*3 0 10 16 6 



Al 


2 3 0 j* v > 


a/1. 


4 


sjw-r-v/o. 


9 




8 95t 


B 1 


2 3 0 ;* y is 


a/1. 


4 


Sfl^-fir/o. 


9 




9 15t 


A2 


3 2 5>^> 


a/1. 


1 


-wo. 


4 




9 i sx: 


B 2 


3 2 5>y> 


a/1. 


1 




4 




8 9 5t: 


CI 


2 3 0 jj*^-> 


a/1. 


4 


sji^-V/o. 


9 




9 1 SIC 


D X 


2 30^y> 


a/1. 


4 


SJH7-f^/0, 


9 


*^X-?j!,^3> 


8 9 5*c 


C2 


3 2 5*y> 




1 


^JHMir/o. 


4 




8 9 5t 


D2 


3 2 5^y> 


a/1. 


1 


s^y^f-V/o. 


4 


^;ux^;i^> 3 > 


9 i 6t: 



[0 037] Mmcm^x:-; Jllgfcf xyffiJSi**, ^~ 

hStai, TC R£ fcHLT\ 1 CO 

S£ft£e<b#^£ftfco 113 £4£&C7jVr<£>fci:, >f> 

^ # i ^/c^-f # 2 ccj:-5 r mmt*m& hams ti 

&£#2&C<£o rSfSft*^ S ft ft: fcf x yjgSW* £ 

JfJt>/c 0 30 

[0038]^WtCt, ^4iC<fcti«, >f>^-^x 
-XJt^ffl^^l^CCt'x^ffitnftCDy-^^E S 

l 3414 BtimcMLxmMmtztnmm 15-20 
[0039] mmw3 

>f>*£LTESLD-491 4 <t QM4 4 <t*jgffl U 
TiSSSSr^Tb/fc. «JcD"fe;WiA 1 S I % << 73 0 4 L 
X-r>U^^-C^fiS$^fcj^8 (^)0. 2mm) J?i* 



fc-K^7XF (bead blasting) LT^6, 

h^*r«M5LTM{fcu cn^e-^ia@f^9 1 5 

77AOf»?:; 2 3 0^ r>a^^'J->?:ifflLr 
2JB©QM4 4fc»tr»TEPJMU —7?, SIO©^^:? 

s l d - 4 9 1 4 zm^xwrnutc &wm<omz. 
sm>7?A*mi so-cr^i o-i s^nnoiu 

fflI<2Sa&fo&CDJS3 *i#J 1 . 5 ^ ;U 3 8 Mm) T* 

[0040] ESL D-491 4 <!: QM4 4 <t Srfllt,* 
TEPJH IstcZ-i^y? A^&ft § * 4 OCD^tC^Sd 1/ , 
&$$<D#<<-iryv&Z x 2 30^ 
fflbt, ^>*#2-#5<£5^CDloCDiiiHf £flilr> 

J&OfcKfeCC, DuPont 5 7 6 0&D*7 4 8 4J? 

RD^ffT^ot &CCESL 34 14Bex^/ffi 

Cttt^>^^, 3 2 5x* y->^ >->^^^br-Y 
>^-^ x-xm±i<cwmLx, &Mmcm 1 . o=;u 

[0 04 1] ifiUl/cEA^l-fei^^c, fi£ttcB§0 

[0 042] 
[f£6] 



19 



(10) 
IVI 



*$f*3 0 10 16 6 



20 



3f«<* 




■i >* — 7zl—X 


5*— 




ESL D- 


4 9 14 


<i>2# 2 


6. 


1 kQ/D 


ESL D- 


4 9 14 


•Y >£#3 


3. 


2 


ESL D- 


4 9 14 


<-f >£#4 


5. 


8 


ESL D- 


4 9 14 


*f>£# 5 


2. 


7 


QM4 4 






6. 


0 


QM4 4 




-f >£#3 


2. 


7 


QM4 4 




-f >^#4 


9. 


3 


QM4 4 




■f >£#5 


7. 


9 



[0043] JKKlftfcl-feJl,*, L )| 

na>6*itffa 1 0 2 9 kPag "C©®HCCtDfc 0 % ffiflpff 

S (temperature excursions) &£&J2 5 a C 4 0°C 

<L, ^-4 0^-2 &2 5'0-l 2 5°C±td^ 

tco 1 0 2 9kPa-C(DiEafbSE^-b>^-ai^ ( 

tii ) ffiascfi*aiaflaK»r©y-/> (**-*✓ 20 

*) ©jatt^OJEBS (&* TCTCGFJ so? r HT c 

gfj ) ^cMLTffeftfcT 5 -**. 

T^fWjCC#tJrLrt: 0 1. OCcmKCCaE^R'ittf. 
T^DIolJf^a'FF-^^^ (regression predictorequatio 
n) ©S^fCBLrWiihfc. 

[0 044] ESL D-49 1 4|£gfrg<Pg|^ 
5£(1) fcH;*7=0. 45X 1 -0, 0 25X, + 0. 0 

1 3 2X 3 + 0. 8X 4 - 1,909 
5£(2> CTCGF = 716. 5 X T - 7 0 1 . 5X, 
+ 173. 2X3 +1272 X, -52582. 3 30 
5C(3> HTCGF = 3715X a -3225X 2 +9 
23X 3 + 67 7 9X 4 -273 949 * 

SVI I 
ESL D-4 



CTCGF (ppm/'C) 
HTCGF (ppm/X:) 



3# : X 1 =M%T;U5^ 
X,=»l%^;Ur3^T 

x 4 =mm%? «j^#2 

[0 04 5] QM4 4jg^ffllcp^ 
5S<4) W^=0. IIIX^-O. lllX a + 0. 
03 9X3 + 0. 1 9 7X,-9, 64 
5$ (5) CTCGF = 2741X a -4613Xi+7 
26X, + 483 3X«-1 652 63 
35(8) HTCGF = 3 1554 X, -58646 X, 
+ 7667 X 3 + 55390 X 4 -1852071 

X3=ss%7 >; ^ h # 1 
X«=Mfi%7 u 9 h #2 

ESL D-4 9 1 4SC/QM4 4**M«M(r^tt 

[0046] 
[317] 

9 14g§S#jaRtf 
^#3 >^#4 -f>^#5 



1. 
1. 



1 5 
1 6 



1.12 
1-13 



1.0 8 
1.0 9 



1. 1 L 
1. 11 



- 1 0 8 
-10 8 

4 5 0 
45 3 



1492 -123 -3 1 

1494 -121 -30 

7650 -40 2000 

7653 -37 2 0 0 3 



[0 047] 



(11) 



21 



ftf*3 0 10 16 6 
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CTCGF (ppm/^C) 

mm 

HTCGF (ppm/r) 

m. 



SVIII 
QM4 4i£t|fcJg;Rtf 



1. 2 7 
1. 27 

6 8 9 2 
6 8 7 6 

8 9 5 9 0 
8 9 5 9 4 



04 
0 4 



-169 
-18 8 

- 1 1 0 

- 1 0 5 



1.2 7 
1.2 7 

-4 6 2 
-4 7 8 

- 6 1 0 

- 6 0 6 



I. 16 
1. 17 

10 8 
1 0 0 

-9 9 0 
-98 8 



[0 048] mi ±m8lCjjk?^ tttf?<hTCGF<LCCfW 

* - xmj&W& £ mtJJScU T C G F 3 ROT? ft <h 

* — 7*- Ami&f3m&tiAj3M<D 0-1 0 29 kPa"C <o 
[0 04 9] m ±m8&t>W&tj:<D^ ffim*tm# 

CGFffi<h£-^*34>ft< <Lfc lO(D-f>^7x^ 
ttldtW*:* ^L/cffi»($ifmffll?S^cr)S^(cMLr^ 30 
. 5£U cn»H7CC^-r<t5(c, ESL D-49 14 
B«^KWbTfcU>*#4;fttfQM4 4mfMHC 

[0 050] TCGF ffljft± 1 

[0 0 5 1 ] 3SBW4 

3 04L<t4 3 0 S 1 7<D*:r> u*ipjy>f 50 



fc**WS«fcSK:. 3 0 4Ly-ft77AOSS«fi8 5 
JM#J0. 2mm) v — J4 3 0 S17^f77A© 
WS6*»6 (»0. 1 5mm) /co/c, CCDH^Ofei 

itti^ESL D-49 14t*5. ^Lt^>^- 
^^-^«[gc^iY>>7#4cbY>^#6^:o/c 0 EflRI 

fcffl^ST (it<iiaffiffl«|p|te^ii) , 
»£B*IOte**3ttfc # E&tt-tfo-ft 1 2 0 0 kP 
a£r<DffiH&Cfc/c9, aKfTSIiJfi2 5 , C-»-4 0 
•Ci, ^-4 0'C-#>2 5X:<f:> fi2 5*C-ftl 5 0 'C 

eta*, seccM*r^y^>(D^s6«. £rcDt8<t^> 
*t>*«cHLriai occ^-To nettJ:0iftir»u#rft 

*>%y-f >*J4 3 0x^>u^^-b;utcg5LT^$tir 

■bibCc, $50-3 0 Opsin 8 075lM9n, % EEt)? 
49fr*iW1t m ■*-/**a*3E7LfcSL -fen,*, 25 
'CTH^O- 1 2 0 0kPatCt>^c-prffl^<bit^14<!: 

fcHbriH^fc. ttuoKur, -fe;u£-4 o°ctc3 6 

BS0-1 2 0 OkPa©BE*«H«ctofc^T*JSLfc. 

fcXf^y mi 1 <!: 1 ZtfCfjk-r, 180 

3Jl|<D-£n-3 0 0 psiCDJE^If -f*^*StoKLC4* 



(12) 



1#S*3 0 10 16 6 



23 



[0052] *mn*. tfmfimmmicmu-cmmhtc 
**. m>mi&*> mmm-v $>tnmm-r s ci^t^. 

[H 2 ] B 1 ©E^«l»«JSO. ffi^[t*fS*4^-r 
[03] &!^«*fcla&<D^>*-:7:c-XJicDJ?3 
[04] ^-^St^^^MRScD-f^iJ-^^-x)!© 
[05] ffit^«*&/l£3 £J3^>* -7* 

-^gtDias^^-r^^^-c^So 20 

[0 6] ILmte^-msft&ft^V-VA^Vr, 

«3 0 4LX^>U^g|^6BfiS;3n. *S^@ifflRS!BjE 
SL D-49 14£QM44i*t* l #<ri<r&-/ 

[07] JEmt-t>V-mjll$K.?)^y-*t'<-V7 5 

B3 0 4LXf>U^i*^s!63n > ^>5»-7*- 
X®4^ t ^^Ulffl^BJESL D-4914iQM 
4 4.fc©*§£-{tTCGFffi#j± 1 7 0 ppa/'CJWrt*-^ 30 

[08] mft*>1)--#J-\>7vA<DU&^<DjEM{t? 



24 



*«3 0 4 LX^XsXmfthftMZft.. 4>$-y x - 

xm&%&* tmmsmismESL d-49 uiQM 

4 4 t©ti^K:TCGFffi*f3+ 1 7 0 ptm/VIUPit:5- 

[09] ff*-fe>^-^^+7 7A©ias--v©iE*fty 

B304Li430 S 1 7^lf >v^e>0«3 

D-49 1 40Jg^tCTCGFffliji5j± 1 7 0 ppm/'CW 

[010] lEMit-blyV-^nSJj^^-y^^y 

AC*30 4Li43 0 S17^f>U^e,f^ 
ft. -<>*-:7*-XJI£^. a^BfflRgigjE S L 
D-4 9 1 4©*§-&K:TCGFffiifo± 1 7 0 ppm/'CJK 

[011] QE*-b:>-^-^'f-t'7 7ACcStTSl 8 07J 
HKDEETJ-? -{ 9 >V&o>sEM\ ttii^KO t * ir y S^X £ 
Trrtif^y-Qh*). CO^-f+77AtJ3 0 4L^?> 
UXfii^^mSn. ^JIESL D-4914iY 
-y x. -XM-i > 5 # 6 t *$ts. 

[012] mtHz^V-'tA-'ryv^lcttTZl 8075 

^t^^-C*^ CO^t77AB4 3 0 SI 7 

xf->\sxmii>hBi&2ti, tmmE sl d-49i 

i o &*o«fi£ 

12 ^mtm-yu* 

i 4 p mwi 

16 ^>$-7i-^a 

i s trxyjas# 

20 mm 



[0n 



[02] 



«• 20 \ ^ 



14 



-12 




-1.0-0.8-0.6-0.4-0.2 0.0 0.2 0.4 0.6 oa 10 



(13) 



^3 0 10 16 6 



[03] 



14] 



100.0 



I 

\ 

* 

is 

3 



10.0 



1.0 



* §2 
— S ED 



#1 

— o 



0.49 0.57 0.66 0.74 0.83 0.91 1.00 
*&»«*4>Rff : Officii 5 A> 



30.0 r 




15.0 



0.49 0.57 0.65 0.74 0.83 0.91 f.00 




[07] 



18.0 
16.0 
•R14.0 
12.0 

§ to.o 

: 8-0 
^ 6.0 
* 4.0 
2.0 
0.0 



,*r QM44.* vijtt.TCGF- 1 1 0ppm/ "C 
ESL 49 1 4,* > 4.TCGF-40ppm/ " 




343 



514 686 

BE* (KPA) 



B57 



1029 



1.100 
1.09O 
1.080 
S- 1.070 
o 1 .060 
a . 1.050 
" 1.04O 
■ 1.030 
o 1.020 
o 1.010] 
1.000 
v 0.990 - 
C 0.980 - 
£ 0.970 - 
^ 0.960 - 
« 0.950 - 
H 0.940 - 
0.930 - 
0.920 - 
0.910 - 
0.900 J— 
-40 



ESL 4914„*»04.TCGF-4Oppm/ 9 C 
0M44^ JCGF- 1 1 Oppm/ °C 



25 



MA:X 



85 



125 



(14) 



l$f*3 0 10 166 



10] 



1.100 
1.090 
1.080 
^> 1.070 

S 1.060 
.1.050 
1.040 
« 1.030 
o 1.020 
"n 1.010 
£,1.000 
x 0.990 
C0.9BQ 
J 0.970 
s« 0.960 
m 0.950 
N 0.940 
0.930 
0.920 
0-910 
O.900 

-40 



• 3041/491 4/r^04JCGF«=O 

• 43051 7/491 4/fvj#4,TCGF- -58 

• 304L/491 4A>^6,TCGF=64 

• 43pSl7/4914Ay^6.TCGF=80 



1.100 

1.09O 

5 1.080 
m 

£ 1.070 
m 

oj 1.060 
Btj 1.050 



25 



85 



125 



I 

150 



X 304L/49 1 4/< >*#4,TCCF=0 
^T430S1 7/491 4/f v^4.TCGF— 56 

304L/49 1 4/<>^6,TCGF=64 
^ 430S 1 7/49 1 4/< > *#6.TCGF=80 




300 



600 
BE* : VttCi 



kPo 



900 



1200 



[HI 1 ] 



[HI 2] 



1.100 
1.090 
1.080 
1.O70 

S 

HJP 1.080 
-R 1 1.050 



^25" C WPHfi 
^T25*C eaa 
^25'C 




1.100 
1.090 
1.080 
1-070 
^ §1-060 

* Sr. 040 



* 25- c tmto 
-Jr25 c C AM 



600 900 
E<7:«tfct kPo 




1200 



¥6 -350218 (JP, A) 
¥5 - 74602 (J P. A) 
¥6 -188470 (J P. A) 
3*9 -298324 (JP, A) 



(58)fBSL/c#f?(Int.CI.\ DB«) 
G01L 9/06 
H01L 4V08 



